Higher blood pressure (BP) values in cold than in hot months has been documented in hypertensives. These changes may potentially contribute to the observed excess winter cardiovascular mortality. However, the association with weather has always been investigated by considering the relationship with a single variable rather than considering the combination of ground weather variables characterizing a specific weather pattern (air mass (AM)).
Seasonal changes of both clinic and ambulatory blood pressure (BP) have been reported with lower values measured in summer than in winter. [1] [2] [3] [4] [5] Most studies focused investigations on a single-weather parameter showing the main association with the air temperature. 3, [6] [7] [8] [9] [10] [11] However, the weather is a dynamic phenomenon which includes the complex interaction among different atmospheric variables. In addition, the direct comparison of BP measured during different seasons does not allow to exclude the effects of other important factors. In particular, seasonal changes in diet and body mass index 12 could affect BP so that the effect of climate on BP could be better estimated by considering a single season.
The different combination of ground weather variables at a particular location (air temperature, cloud cover, relative humidity, atmospheric pressure, wind speed and direction) may be classified into categories, air masses (AMs). 13 An AM generally persists in a region for several days, its arrival can be easily forecasted, and its changes were found associated with changes in general [14] [15] [16] and cardiovascular 17 mortality and morbidity 18 both in Unites States and Europe. This approach is now widely used in meteorological studies. Therefore, we retrospectively investigated the relationship between AMs and BP during winter. This study was performed in a Mediterranean area, Florence (Italy), characterized by sudden changes in AMs and consequently variation of weather conditions during winter. All hypertensive subjects referred for 24-h noninvasive ambulatory BP monitoring during the months of December, January, and February 1998-2002 were investigated.
Methods
Subjects investigated. All hypertensive outpatients living in the urban area of Florence and referred to our Hypertension Clinic during the months of December, January, and February (from December 1998 to February 2002) were enrolled for this study (n = 721). Permission to review the patients' records was obtained from the Institutional Review Board of our Institution.
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Inclusion criteria were diagnosis of hypertension and availability of (i) both clinic and 24-h ambulatory BP and heart rate (HR) measurements, (ii) ambulatory BP recordings of good quality according to predefined criteria (at least 80% of valid readings, at least two valid measurements per hour during daytime and at least one valid measurement per hour during nighttime), (iii) data on age, gender, height, weight, antihypertensive treatment, and number of drugs, (iv) properly filled-in log book reporting working activities during the daytime and sleeping times. Subjects were considered hypertensives when their clinic BP was repeatedly found >140/90 mm Hg over repeated visits or when they were on antihypertensive treatment. Subjects affected by clinically manifest cardiovascular or systemic diseases, those with altered nighttime sleep because of either shift work or ambulatory BP monitoring were excluded. Likewise, data obtained by repeated ambulatory BP monitoring were excluded. Accordingly, we excluded from the study: 32 subjects because their ambulatory BP recordings covered <20 h, or because a lower than the preset number of measurements was available; 19 102 subjects because of incomplete data collection; 32 subjects because their sleep was severely disturbed by the ambulatory BP recording; and 15 subjects because ambulatory BP monitoring was performed while they were engaged in night work shifts. Therefore, 540 of the original 721 subjects could be included in the study. Subjects were then subdivided into three age groups (young: ≤50 years, n = 120; elderly: ≥65 years, n = 215; intermediate: between 51 and 64 years, n = 205) ( Table 1) .
BP measurements. Clinic BP and HR considered for the study was the average of two measurements taken in the sitting position at 5-min intervals before starting ambulatory BP recording. 19 Ambulatory BP and HR were recorded for 24-h using the validated devices SpaceLabs 20 90207 (Spacelabs, Redmond, WA) programmed to record BP and HR at 15-min and 20-min intervals over the daytime (from 08:00 to 20:00 hours) and the nighttime (from 01:00 to 06:00 hours), respectively, 19 as reported previously. 11 Subjects were asked to attend their usual daily life activities during the monitoring period. No editing was performed after data acquisition.
Daily AM types classification. Meteorological data of air temperature, cloud cover, relative humidity, atmospheric pressure, wind speed, horizontal (west-east) component of the wind (assessed by wind speed and the sine transformations of wind direction) and vertical (north-south) component of the wind (assessed by wind speed and the cosine transformations of wind direction) recorded in the city of Florence were objectively used to classify daily AM. The principal component analysis and the following agglomerative hierarchical clustering were used to identify five groups of winter days with similar weather characteristics, corresponding to the five AM classification. 18 On the basis of daily weather variables and using synoptic weather maps, each of the five winter AMs was briefly described: (i) anticyclonic polar continental (AM1): the strongest and driest north-easterly and easterly winds; relatively high atmospheric pressure; prevalently clear sky; cold air advection; (ii) anticyclonic continental (AM2): the coldest AM; the highest atmospheric pressures; always clear sky; feeble, and relatively dry winds prevalently westerly; (iii) anticyclonic mixed tropical maritime and continental (AM3): high atmospheric pressures; prevalently clear sky; southern weak winds; higher air temperature and humidity levels in comparison to AM1 and AM2; (iv) cyclonic (AM4): the lowest atmospheric pressure; high cloud cover; high humidity levels; mild air temperature; variable wind regime predominantly south-westerly; (v) mixed (AM5): relatively low atmospheric pressure; high cloud cover and humidity levels, low winds; feeble fronts from south or south-west; mild air temperature. Days with anticyclonic AMs (AM1, AM2, and AM3) are characterized by prevalently settled weather conditions thanks to the synoptic weather pattern represented by high atmospheric pressure; on the other hand, AM4 and AM5 are characterized by prevalently unstable weather conditions (perturbed weather) and a synoptic weather pattern with low atmospheric pressure.
Statistical analysis.
With the aim to evaluate the relationship between weather variables (air temperature, cloud cover, relative humidity, atmospheric pressure, wind speed, horizontal, and vertical component of the wind) and BP or HR, a first preliminary and exploratory univariate analysis was carried out using methods of linear correlation. Because most of dependent variables (clinic and ambulatory 24-h, daytime and nighttime BP and HR) did not satisfy the normality assumption, with the only exceptions for the ambulatory daytime diastolic BP (DBP) and HR, normally distributed, a nonparametric method of linear correlation, the Mann-Kendall test, was A subsequent detailed multiple variable analysis was applied by an extension of the linear multiple regression analysis, the generalized linear models (R program). 21 For multiple variable evaluation clinical characteristics (continuous variables: body mass index and age; categorical variables: gender and antihypertensive treatment) and environmental/temporal variables, represented by single variables (continuous variables: daily average air temperature, daily light; categorical variables: month and day of the week) and the AM (categorical variable which takes into consideration a simultaneous combination of weather variables characterizing a daily weather pattern for a specific geographical area), were entered as independent variables, considering BP (clinic or ambulatory, respectively) or HR (clinic or ambulatory) as dependent variables. Variables included in the multiple variable analysis were selected with the use of the StepAIC function (MASS R library). A generalized linear model assuming a normal distribution (for daytime DBP and HR) and a γ-distribution (for the other dependent variables), based on results obtained by measures of goodnessof-fit to the theoretical distribution, was applied. Results are exposed for each predictor by showing the parameter estimates with their associated statistical probability and the 95% confidence interval.
To investigate the association with weather changes, AMs were then classified into cyclonic (cyclonic and mixed) and anticyclonic (polar continental, continental, mixed tropical maritime and continental) AMs, characterized by perturbed (low atmospheric pressure) or settled weather pattern (high atmospheric pressure), respectively. Four classes of 2-day sequences of AMs were thus considered: (i) persistence for 2 days of anticyclonic AMs (H→H); (ii) persistence for 2 days of cyclonic AMs (L→L); (iii) transition from a cyclonic to an anticyclonic AM, with a significant increase of atmospheric pressure (L→H); (iv) transition from an anticyclonic to a cyclonic AM, characterized by a significant decrease of atmospheric pressure (H→L). The potential association with BP and HR monitored on the second of the 2-day sequence was investigated using a generalized linear model controlled for body mass index, gender, age, antihypertensive treatment, and number of drugs.
results relationship between aMs and BP
The characteristics of subjects included in the study (n = 540) are reported in Table 1 . Most of the subjects (88%) received antihypertensive treatments.
A first preliminary and exploratory univariate analysis did not show any significant association between daily average weather variables (air temperature, cloud cover, relative humidity, atmospheric pressure, wind speed, horizontal and vertical component of the wind) and clinic or ambulatory BP and HR (P > 0.05 in all linear correlations). The lack of correlation between the daily mean air temperature and 24-h systolic BP (SBP) and DBP is shown in Figure 1 .
Conversely, when the combination among weather variables was considered as AM in multiple variable analysis, AM was selected as a significant predictor of mean 24-h BP (P < 0.01 for DBP and P < 0.05 for SBP), daytime DBP (P < 0.001) and nighttime BP (P < 0.01 for both SBP and DBP) ( Table 2) . No relationships between AMs and HR were found ( Table 2) . The generalized linear model showed the highest significant increases of BP when a cyclonic AM (AM4) occurred, followed Results are exposed as parameters estimates for each predictor with their associated statistical probability. In round brackets, 95% confidence interval is indicated. Square brackets indicate the reference category for the categorical variable. AM1, anticyclonic polar continental; AM2, anticyclonic continental; AM3, anticyclonic mixed tropical maritime and continental; AM4, cyclonic; AM5, mixed. Multiple variable analysis is controlled for BMI, gender, age, antihypertensive treatment (treated and untreated), daily average air temperature, daily light, month and day of the week. *P < 0.05; **P < 0.01; ***P < 0.001. Table 2) .
association between 2-day sequences of synoptic weather pattern and BP
Ambulatory BP values were significantly affected by the different 2-day sequence of AMs (Table 3) . Conversely, no relationship between synoptic weather pattern and HR was found ( Table 3 ). In particular, both the transition from anticyclonic to cyclonic AM (H→L: from a day with settled weather conditions, high atmospheric pressure, low air temperature, and prevalently clear sky, to a day with opposite weather characteristics) and the 2-day persistence of cyclonic AM (L→L: persistence of low atmospheric pressure, high cloud cover and humidity levels and mild air temperature) were characterized by a significant increase in ambulatory BP. Those changes were independent from body mass index, gender, age, antihypertensive treatment (treated and untreated), and number of antihypertensive drugs.
discussion Present results reveal that (i) a synoptic approach to weather conditions (considered as a combination of different weather variables at the ground level, AMs) discloses the existence of a relationship between the weather and ambulatory BP in hypertensive subjects, while (ii) no significant relationship is found when single daily average weather variables (air temperature, cloud cover, relative humidity, atmospheric pressure, wind speed, horizontal and vertical component of the wind) are considered. The most important observation for hypertensive patients is that (iii) an increase in ambulatory BP follows a perturbed weather pattern (cyclonic AM) or sudden day-to-day change of weather pattern (going from an anticyclonic to a cyclonic day). The interest of these results stem in the identification of a weather-BP relationship within a single season (winter). Winter is known to be characterized by the highest clinic and ambulatory BP values both in normotensives and in hypertensives. 1,3-5,7,9 Studies investigating single-weather variables over the whole year revealed a main effect of the air temperature on ambulatory BP. 11, 23 Low air temperature was indeed reported to activate the sympathetic nervous system, 24, 25 with a resultant increase in peripheral vascular resistance. 26 However, when all seasons are investigated, the postulated major effect of air temperature is challenged by the possible confounding effect of important seasonal behavioral changes, such as the diet, the physical activity, and lifestyle factors, 27, 28 which could also contribute to cause BP changes. Therefore, the first element of interest of the study is the confinement of observations to a 3-month period in winter. In this study, we did not specifically investigated the effect of possible behavioral changes (diet, physical activity, and lifestyle factors such as smoking habits) on BP and the potential relationship with weather changes. Therefore, notwithstanding the observation period was confined to the winter, it is not possible to exclude the possible confounding effect of behavioral changes. 29 The second element of interest is that when such a short period of the year is considered, the relationship with the air temperature at univariate analysis is lost. This pattern might be related to the narrow range of air temperature encountered during the months considered in this study. Conversely, the significant association with weather conditions is evident when a synoptic weather approach (AMs) is used. In this study, BP values were found higher on days with a cyclonic AM, that are characterized by the highest humidity level and cloud cover, the lowest values of atmospheric pressure and high ground level wind turbulence. These combined conditions may enhance the thermal perception of cold discomfort notwithstanding air temperature is relatively higher in cyclonic than in anticyclonic days. The same change in air temperature may correspond to different changes in skin temperature according to the different wind speed. Likewise, wind speed increase was observed to induce the same BP increase at different air temperatures thus showing the close link between skin temperature and BP. 30 Therefore, the relationship between skin temperature and air temperature is significantly affected by other weather variables all included in the AM classification. This possibility is further stressed by the observation that the highest BP values were observed to follow a sudden dayto-day AM change from the anticyclonic to the cyclonic one. In this condition, the thermal perception of people might be specially worsened if they are surprised in outdoor environment with inappropriate clothing. A correct clothing behavior was indeed reported to contribute in preventing the excess winter mortality. 31 The evaluation of the weather considered as a combination of different weather variables represented by specific synoptic weather patterns seems thus to better characterize the biometeorological relationship with ambulatory BP. In particular, the same AM sequences associated with higher BP values in this study were also found to be associated with an increased risk of myocardial infarction in the same geographical area. 18 Moreover, the objective statistical approach of AM classification employed in this study, or similar methods, can be easily applied in any other part of the world starting from local weather data. 17, 18, 32 In conclusion, our results clearly show that BP may be affected by the weather when AMs are considered. In particular, the forecast of a sudden change of weather pattern which completely modify weather conditions near the ground (i.e., associated with a storm or weather fronts), rather than the only forecast of the air temperature, could thus provide important information particularly helpful for hypertensive people. These findings need further confirmation even on subjects with different geographical origin and in countries with different climate conditions.
